Whole-cell experiments
Whole-cell currents and conductances were measured in intact oocytes using a two-electrode voltage clamp (Model CA-1, Dagan Corp, Minneapolis, MN) with 16 command pulses of 30ms duration between -160mV and +100mV, centered around the resting potential.
Oocytes expressing Kir1.1 or mutants of Kir1.1 were bathed in permeant acetate buffers to control their internal pH as previously described (1) . The relation between intracellular (i) and extracellular (o) pH was calculated from a previous calibration with Kir1.1 oocytes: pH i = 0.595 x pH o + 2.4. The conductance or gating of the channels used in this study had no dependence on external pH, as determined in separate experiments with impermeant external buffers.
Except for the experiments of Fig 10, all oocytes were internally alkalinized to pH 7.8 using acetate-TRIS buffered solutions. This guaranteed that the cytoplasmic-side pH gate remained in an open conformation, since pH i would be at least one unit more alkaline than any of the channel pKa's (Fig 2) .
Two-electrode voltage clamp (TEVC) whole-cell conductances, G K (K), provided a simple measure of aggregate channel activity in our oocytes: NP o (K) =G K (K)/g K (K), where single-channel conductances g K (K) were measured in separate patch-clamp experiments. G K (K) were normalized for each oocyte to compensate for differences in expression efficiencies that could arise from either the mutation itself or from the oocytes.
In the external K elevation experiments (Figs 3, 4 , 5), bath K was elevated from 0 and 500 mM by progressive addition of KCl to TRIS buffered acetate solutions with no Ca or Mg and 1 mM EDTA. In the K removal /recovery protocol (Figs 6, 7, 8, 9), external K was replaced by equimolar Na, either in the presence or absence of 2Ca, 1Mg. Bath solutions were buffered with acetate TRIS to maintain an internal oocyte pH ≥ 7.8. For protocols involving complete removal of extracellular K, no K was added to the extracellular solution and trace amounts of K were chelated with 18-Crown-6 polyether (Sigma Chemical #07673). None of the oocytes in these experiments had significant chloride or nonselective conductances above 2 µS, compared to G K > 500 µS from Kir expression. Despite increases in bath osmolarity during elevations in external K, the low water permeability of Xenopus oocytes (2) prevented significant changes in oocyte volume.
The rate of exchange of the external solution was determined by measuring membrane potential changes during a rapid increase in external K in Kir expressing oocytes (3) . Results with our perfusion chamber demonstrated that 98% of the bath solution could be replaced within 10 s. All experiments were conducted at 21ºC, and data are reported as means ± SEM.
Single channel methods
Single-channel currents were sampled at 5kHz, filtered at 900Hz and recorded (pClamp ver 6) on oocytes expressing either wt-Kir1.1b or Kir1.1b mutant channels. Voltage commands were generated in 10mV steps between -160mV and +100 mV.
The K dependence of single channel conductance was determined from cell-attached patch currents at different pipette (external) K under the same conditions that were used for the whole-cell G K measurements (Pipette: 0Ca, 0Mg, 1mM EDTA), with Na replacing K to maintain constant ionic strength. Oocytes were alkalinized to an internal pH of 7.8 and completely depolarized with 100 mM K acetate buffer in the bath (2 mM Ca, 1 mM Mg, pH 8.6). Consequently, the patch potential was taken as the negative of the pipette holding potential.
Homology modeling
To facilitate interpretation of the electrophysiological results, we constructed a homology-based model of Kir1.1b. The closed-state 3.1Å crystal structure of the chicken inward rectifier Kir2.2 (3JYC)(4) was used as the template (49% sequence homology to Kir1.1b). Modeling was done with Molecular Operating Environment (MOE), version 2009.10 (Chemical Computing Group, Montreal). The initial sequence alignment was checked manually to ensure that insertions and deletions were confined to surface residues. Data were fit to a 2 phase association:
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where Amplitudes (A) are normalized values between 0 and 1.0, and Tau are fast and slow half times (sec) for recovery of channel activity, as measured by whole-cell conductance G K . The g K (%∆G) denotes the maximum percentage contribution of g K to the increase in G K , as estimated by G K (t=10s)/ G K (t=40min), where t is the time after return of 100mM K to the external solution. SUPPLEMENTAL FIGURE CAPTIONS Figure S1 . Cell-attached single-channel inward current records for wt-Kir1.1b and E132Q-Kir1.1b at a patch potential of -100 mV(inside-out) with extracellular (pipette) K of 100 mM (left) and 10 mM (right). Dashed line with "c" denotes closed state. Open probability (P o ) and single channel conductance (g K ) are indicated for each experiment. Figure S2 . Cell-attached, single-channel inward current records for F127V-Kir1.1b at patch potentials (insideout) of -50 mV, -100 mV, and -150 mV with extracellular (pipette) K =100 mM. Dashed lines with "c" denote the closed state. Inward currents are indicated above each trace. Open probability (P o ) at -100mV was 0.87 for this experiment and single channel conductance (g K ) was 30pS. 
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